1 0 interacting effects. performance. In this study, orthogonal treatments of three CO 2 concentrations (C a ) × 1 5
five soil water contents (SWC) were conducted using Platycladus orientalis saplings 1 6
to investigate the interaction of water stress and CO 2 concentration on increased. However, at improved soil water conditions, the greatest values of WSOM is a more sensitive indicator of SWC. Twig phloem WSOM was generally and heightened drought conditions. Carbon isotopes from the fast-turnover carbon isotope composition (δ 13 C) in a plant is a promising tool that is commonly 4 6
employed as an indicator of the effects of environmental factors on plant performance. post-photosynthetic carbon isotope fractionation (Brandes et al., 2006; Kodama et al., 5 4 2011). Further, photosynthetic discrimination cannot completely explain the variation in different plant organs (Damesin and Lelarge, 2003; Bowling et al., 2008) .
6
For example, Gessler et al. (2008) reported that 30% of the differences in tube at room temperature for 24 h. According to Schneider et al. (1996) and Bogelein (12000 g) to obtain supernatants.
The resulting supernatants of both leaf and twig material (10 μL) were placed in of Botany of the Chinese Academy of Sciences for analysis. and phloem material was analyzed using a stable isotope ratio mass spectrometer 1 4 1
(DELTA plus XP, Thermo Finnigan), with a measurement precision of ±0.1‰.
4 2
On the plant sampling day, the atmosphere in the growth chambers was sampled 1 4 3 using airbags and an air pump before harvest (at least three replicates). These airbags
were also transported to the Institute of Botany of the Chinese Academy of Sciences Carbon isotopic composition is generally expressed as an isotope ratio where
delta (δ) is defined as:
where R standard and R sample are the 12 C/ 13 C ratios of the standard and the sample. It is well known that 13 C discrimination occurs during the photosynthetic process,
which results in different expressed as follows (Farquhar and Richards, 1984) : In the most commonly used version of the Farquhar et al. (1982) simple model, 1 6 2 the photosynthetic 13 C discrimination was linearly related to C i /C a . Thus, 1 6 3 photosynthetic 13 C discrimination derived from gas exchange measurements (Δ i ) is 1 6 4 calculated as:
where a is the fractionation associated with CO 2 diffusion in air (4.4‰; Seibt et al., Indeed, CO 2 diffusion during photosynthesis includes three main steps:
atmospheric CO 2 reaches the surface of the leaf, it then enters into sub-stomatic
cavities through the stomata, and it finally arrives at the chloroplast stoma in which ( Farquhar et al., 1982; Seibt et al., 2008) : al., 2010):
Substituting
Δ i into equation 6 we obtain the following equation:
According to Fick's first law, P n =g s ×(C a -C i )=g m ×(C i -C c ) (Seibt et al., 2008 transformed into:
Ignorance of dark respiration and photorespiration can avoid further uncertainties and complexity, and including the two processes will not significantly improve model
outcomes. For this reason, equation (8) can be simplified as:
Results 2 0 0
Gas exchange properties
The gas exchange properties tended to increase with an increase in SWC,
reaching a maximum at 70%-80% FC (Fig. 2) . Under any given C a , the most striking
increase in these gas exchange properties generally occurred when SWC increased 2 0 4 from 35%-45% FC to 50%-60% FC. However, when SWC peaked at 95%-100% FC, 2 0 5 these gas exchange properties began to decrease slightly (Fig. 2 ).
0 6
Elevation of C a caused an increase in P n and C i under any given soil moisture 2 0 7 condition ( Fig. 2c and 2d ), while g s decreased with the elevation of C a (Fig. 2a) .
Furthermore, g m tended to decline as C a increased except when SWC was 50%-60%, 2 0 9
which was similar to the pattern of change of g s (Fig. 2b) . (Table 2 ). In contrast, the relationship between P n and C i /C a was not strong or even and g m were highly correlated with C i /C a (r of 0.78 and 0.72, respectively; p<0.01).
Additionally, g m was closely correlated with g s (r = 0.94; p<0.01) ( Table 2) . both leaf and twig phloem WSOM was maximized under the lowest SWC (35%-45% 2 2 0 FC) at any given C a . When SWC increased from 35%-45% FC to 50%-60% FC,
of water-soluble leaf and twig phloem materials had the most rapid decrease.
2
Reduction of δ 13 C of water-soluble leaf and twig phloem materials typically leveled 2 2 3 off when SWC was higher than 60%-70% FC. Under non-severe water stress
conditions, δ 13 C of both leaf and twig phloem WSOM were usually highest when C a 2 2 5
was 600 µmol mol -1 (Fig. 3) . In contrast, elevation of C a produced increases in
water-soluble leaf and twig phloem materials under the lowest SWC (35%-45% FC). FC × C 400 and a minimum at 35%-45% FC × C 800 (Fig. 4a) . In contrast,
greater range between 7.18‰ and 15.59‰, reaching a maximum at 95%-100% FC × 2 3 1 9 C 400 and a minimum at 35%-45% FC × C 800 (Fig. 4b) . Under any C a , both mol -1 to 800 µmol mol -1 (p>0.05) (Fig. 4) .
Correlation analyses 2 3 8
Analyses of correlation between gas exchange properties and δ 13 C and isotope 2 3 9 discrimination are presented in We observed no clear patterns of variation in 13 C fractionation from leaves to post-photosynthetic fractionation. Such depletion was also reported by Gessler et al. trioses will be exported to the cytoplasm. Therefore, to sucrose exported from leaves carrying the signature of the starch substrate. Previous studies determined that sucrose is the major carbohydrate that can be carbohydrates transported in the phloem consists of sucrose. This might result in twig phloem. In this study, the daytime light intensity in the growth chambers ranged were sampled at the same time during the day, twig phloem could carry 13 C signals 2 9 8
originating from both day and night exports from source tissues. Specifically, Ruehr fractionation. We suggest that post-photosynthesis fractionation may not be attributed will improve our understanding of metabolism and plant physiology. this study, the effect of the interaction between SWC and C a on δ 13 C of leaf WSOM increased to more than 50% FC, δ 13 C of leaf WSOM was maximized at C 600 . The and C a on δ 13 C of twig phloem WSOM is similar to that on δ 13 C of leaf WSOM.
2 5
Further regression analysis showed that the correlation between SWC and twig phloem WSOM is significantly stronger than that between SWC and twig phloem WSOM (Fig. 6 ). This result indicates that by Merchant et al. (2010) , who suggested that the soluble leaf carbon, amino acid, and synthesized carbohydrates (Merchant et al., 2010) . Further, the phloem loading pathways by which new assimilates are exported from the leaf could be influenced by concentrations of sucrose and raffinose (van Bel et al., 1996) . Phloem sap is Correlations between carbon isotope discrimination and gas exchange properties
To date, numerous studies have confirmed the negative relationship between 1982; Table 3 ). We found that peak Δ Ca-leaf was reached at 60%-70% FC × C 400 , and 3 5 0 the minimum value was found at 35-45% FC × C 800 (Fig. 4) . This finding indicated 3 5 1 more conservative water use strategies under higher C a and drought conditions. Under we found that Δ Ca-twig is significantly correlated with C i /C a , suggesting that
sensitive predictor of plant water use efficiency. Carbon isotope discrimination from ambient air to the plant is dependent on g s as
C i is regulated by g s , and simultaneously, g s is subject to the feedback of carbon
isotope discrimination. Early studies generally accepted that net photosynthesis
depends on the supply of CO 2 in the sub-stomata and ignored the important role that 3 6 1 g m played (Lauer et al., 1992) . At that time, g m was considered to be infinitely large, shown that g m is a species-specific and environmentally dependent factor, and interpretation of 13 C discrimination. Therefore, caution must be exercised when
considering the mechanism of 13 C enrichment during photosynthetic CO 2 fixation 3 6 7 (Flexas et al., 2006; Seibt et al., 2008; Bogelein et al., 2012) . Correlation analysis resistance had far more influence than stomatal resistance on CO 2 diffusion during photosynthesis for Eucalyptus globulus, so it is possible that the mechanism might be 3 7 4
species-specific. Tree Physiology 296, 777-788. isotope discrimination and the intercellular carbon dioxide concentrations in leaves.
2 9
Australian Journal of Plant Physiology 9, 121-37. drought-deciduous trees along a seasonally dry tropical forest chronosequence. whole-tree carbon assimilation rate using observed transpiration rates and needle replicates of each treatment. y=12.54x 2 -21.18x-18.83 n=5, r=0.93, p=0.06. y=18.25x 2 -30.29x-15.72 n=5, r=0.97, p=0.02 5 5 5 Figure 6 . Relationship between SWC and δ 13 C of leaf and twig phloem WSOM. 
